Summary

Introduction
Organic acids and sugars comprise the majority of the total dry matter contents of tomato (Lycopersicon esculentum Mill.) . Citrate is usually the predominant acid in tomato fruits and depending upon variety, environment, and fruit age (Davies, 1965; Stevens, 1972) it comprises 40 to 90 % of the organic acids. The concentration of malate, the other major organic acid, ranges from 10 to 60 % of that of citrate, depending largely on the variety (Davies, 1965) . These organic acids are crucial to the flavor and processing characteristics of tomatoes.
Tomatoes also contain higher levels of fructose and glucose than that of sucrose (Garvey and Hewitt, 1991; Miron and Schaffer, 1991) . In the genera of Lycopersicon , Manning and Maw (1975) reported that the activity of soluble invertase was higher in L. esculentum compared to other species. There is evidence that increased invertase activity is associated with increased concentrations of hexoses and generally with decreased concentrations of sucrose (Lyne and Rees, 1971; Ricardo and Rees, 1970) .
Atmospheres containing elevated levels of CO2 are known to inhibit fruit ripening (Buescher, 1979) . The application of CO2 to delay ripening of tomatoes could be performed easily and inexpensively, but several reports have indicated that tomatoes are susceptible to CO2 injury (Bedrosian and Schiffman, 1978; Parsons et al., 1970) . Most investigations on the influecne of CO2 on tomatoes have been conducted with mature-green fruits, at reduced temperatures and in combination with reduced 02 levels. The beneficial effects of CO2 enrichment during the growing period to yield, growth rate, transpiration, and photosynthesis have been reported by several authors (Calvert and Slack, 1975; Hartz et al., 1991; Kimball and Mitchell, 1979 In both treatments, the fruits lasted up to 15 days, after which they decayed rapidly.
Fruit weight
At harvest, tomatoes grown in CO2 enriched greenhouse weighed 328 g compared to 303 g in the control (Fig. 2) . Calvert and Slack (1975) and Kimball and Mitchell (1979) reported similar findings. During the storage period, no significant difference existed in weight loss between the treatments, but the control fruits lost 5 %, whereas the treated fruits lost 3 % after 15 days in storage.
Organic acid content
The preharvest CO2 enrichment significanity decreased organic acids contents in the fruits during storage (Fig. 3 ). Citric and malic acid contents reached a maximum at harvest and then declined during storage; citric acid concentration was consistently higher than malic acid throughout the storage priod. A small amount of oxalic acid was present and followed a pattern similar to that of malic acid. Organic acids usually decline during the ripening process as they are respiratory substrates. Winsor et al. (1962) , Knee and Finger (1992) , Stuart and Efiuvwevwere (1988) , and Davies (1966) observed maximum acid contents at pink stage, but the level subsequently declined with ripening. Stuart and Efiuvwevwere (1988) who stored red tomato fruit at various temperatures found that citric, malic and oxalic acid con- (Stevens, 1972) .
Sugar content
The CO2-enriched tomatoes had significantly higher amounts of fructose and glucose than control fruits had at harvest and subsequently during storage (Fig. 4) ; no difference between treatments in sucrose contents was found. Fructose level was higher than that of glucose (Fig. 4) ; these two sugars, which accounted for more than 95 % of the total sugar, were in concentration 50 times higher than that of sucrose after 15 days in storage. Elizabeth et al. (1991) reported similar results. Miron and Schaffer (1991) and Dinar and Stevens (1981) reported that tomato fruits did not accumulate high amounts of sucrose, whereas Oscar and Donald (1988) reported that CO2-enriched fruit during development accumulated more sugar than did the control fruits; these findings are in agreement with ours. Several workers found more reducing sugars in ripe fruit than in fruit picked at green, mature-green or breaker stage (Betancourt et al., 1977 and Kader et al., 1978) . In CO2-enriched fruits, reducing sugar content increased during storage, whereas it was relatively constant in controls. This increase is not attributable to the water loss only, because control fruits lost weight more rapidly than did the treated ones.
Acid invertase activity Figure 5 shows the effect of preharvest CO2 enrichment on acid invertase activity, which catalyzes the hydrolysis of sucrose to glucose and fructose. Higher activity of soluble acid invertase was observed in the prehavest CO2-treated fruits compared to the control throughout the storage period. Increase in invertase activity was observed from the time of harvest until the last sampling. The acid invertase in the soluble fraction showed a higher activity than that of cell wall-bound fraction throughout the experiment. This pattern is similar to that of kiwifruit and tomato (Miron and Schaffer, 1991) . Manning and Maw (1975) reported that in the cultivated tomato, acid invertase activity reached its maximum in overripe fruits; similar trends were observed here. The activity of acid invertase had a significant positive correlation with glucose and fructose (Table 1 ). In the present study, at Fruits from the preharvest CO2 enriched plot were redder than those in the control plot during storage (Fig. 6 ).
We speculate that the higher sugar contents in CO2-enriched fruits may be indirectly responsible for the red color development, comparable to what Takagi et al. (1989 Takagi et al. ( , 1994 found with carotenoids (a value) in developing satsuma mandarin.
We conclude that the preharvest application of elevated CO2 concentration increases sugar contents and enhances color in tomato fruits during 
